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Essig, Maria G. M., M. S .,  1982 Chemistry
A Synthetic Study o f Levoglucosenone (42 pp.)
Director: Fred Shafizadeh
The synthetic capab ilit ies  of 1 ,6-anhydro-3,4-dideox.y-B-D-glycero- 
hex-3-enopyranos-2-ulose (levoglucosenone) have been investigated  
through a variety of reactions. Interesting polycyclic derivatives  
have been synthesized through 4+2 cycloadditions as well as the 
oxidation of these cycloaddition products with a variety of o x i­
dants. Long-chain (C^q to C^o) Grignard reagents have added to 
levoglucosenone, at both the C-2 and the C-4 positions, y ielding  
compounds which have the potential to be nonionic detergents. The 
reactions of amines with levoglucosenone producing addition products 
in low y ie ld s , have also been investigated. Results from photo­
induced reactions involving levoglucosenone are also discussed.
The reactions outlined demonstrate the stereoselectiv ity  of  
attack which is induced by the 1 , 6 -anhydro bridge of levogluco­
senone in a l l  but a few cases. This allows the synthesis of many 
products without the production of isomers in most instances.
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CHAPTER I
Introduction
Carbohydrates are of great in te re s t,  both p rac tica lly  and 
th e o re tic a lly .  They have added to the chemist's knowledge of stereo­
chemistry and provided an important example of the van 't Hoff - Le 
Bel theory o f the tetrahedral nature of carbon valencies.^ They are 
among the most abundant of natural products, are easily  iso lated, and 
have unique biological a c t iv i ty .  However, the u t i l iz a t io n  of carbohy­
drates as synthetic starting  materials has several disadvantages. The 
variety o f functiona lity  in carbohydrates is generally lim ited to 
hydroxyl and carbonyl groups. Having a number of s im ilar hydroxyl 
groups makes specific  attack at any one position d i f f i c u l t .  The 
t ra d it ion a l method of u t i l iz in g  carbohydrates as synthetic intermedi­
ates involves the selective protection of hydroxyl groups, or dehydra­
tion and anhydro ring formation, before addition of new groups to the 
skeleton of the sugar. These disadvantages can be overcome by u t i l iz in g  
a carbohydrate derivative which contains more versa tile  functionality  
but s t i l l  maintains a l in k  with biological systems. One such derivative  
is levoglucosenone (1 , 1,6-anhydro-3,4-dideoxy-B-D-qlycero-hex-3- 
enopyranos-2 -u lose), which is easily  isolated from the ta r  fraction
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
a f te r  the pyrolysis of ce llu los ic  material (such as newspaper) pre­
treated with phosphoric acid. Levoglucosenone is an interesting  
molecule with numerous synthetic p o s s ib i l i t ie s .  Compounds sim ilar to
levoglucosenone have been u t i l iz e d  as starting  materials in the
2 3 4synthesis of an tib io tics  ’ and insect pheromones, and the levogluco­
senone structural unit has been found in natural products isolated from
5
the plant Zinnia peruviana. Some of the synthetic u t i l i t y  o f levoglu-
f\ 7
cosenone has been studied such as reductions and oxidations, * 4+2
cycloadditions,  ̂ Michael additions,^ oligomerizations,^^ and other 
6  7 11reactions. * * The results of these reactions have indicated further  
research would be f r u i t f u l .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER I I
History
In an e f fo r t  to gain knowledge about the fireproofing of
flammable m aterials, find new sources of useful chemicals, and
elucidate the mechanism by which cellulose thermally degrades, the
products of cellulose pyrolysis have been the subject of intensive
investigation. Early studies o f cellulose pyrolysis were concerned
with the re la t iv e  proportions of the gas, ta r ,  and char fractions
a fte r  pyrolysis. High ta r  y ie lds became associated with greater
flammability characteristics therefore treating  ce llu los ic  materials
with f i r e  retardants resulted in reduced ta r  y ie lds . In 1918, a
1 2major constituent of ta r  was isolated and named levoglucosan which
13in 1929 was id en tif ied  as 1,6-anhydro-g-D-glucopyranose, 2. In 
many studies since levoglucosan was id e n t i f ie d ,  high yields of 
levoglucosan became equated with high ta r  y ie ld s , and thus, high 
flammability characteristics since the f i r s t  and rate-determining 
step during pyrolysis was hypothesized to be the depolymerization of
OH
OH OH
cellulose to form flammable ta r  (levoglucosan). Preventing levoglucosan 
formation would thus reduce flammability. However, in 1970, the 
pyrolysis of acid-treated cellulose resulted in a s ign ificant ta r  
y ie ld  without a large y ie ld  of levoglucosan.^^ Instead, a new compound
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
replaced levoglucosan as the major component of the ta r .  High 
levoglucosan yields could no longer be equated with high ta r  yie lds  
(and thus high flammability characteristics of the ce llu los ic  material 
pyrolyzed).
There was some controversy over the correct structure of th is new 
compound. Tsuchiya and Sumi and colleagues^^’ ^  ̂ id en tif ied  i t  as c is -  
4,5-epoxy-2-pentenal, 3. In 1971, Wodley^^ isolated the same compound
•j 7
and Lipska and McCasland id e n tif ied  i t  as 1 ,5-anhydro-2,3-dideoxy-
1 Q
B-D-pent-2-enofuranose, 4. In 1973, Halpern, R i f fe r ,  and Broido 
proposed what is the correct structure for th is new component of ta r ,  
and named i t  levoglucosenone, 1. The d i f f ic u l ty  of assigning the 
correct structure was due in large part to the lack of a prominent 
parent ion peak in the mass spectrum, leading investigators to believe
-OA r°
the mass of the isolated compound was 98 instead of i ts  correct mass 
of 126.
I t  has been proposed that levoglucosenone is formed from levoglu­
cosan rather than d ire c t ly  from cellu lose. However, the pyrolysis of 
acid-treated levoglucosan has resulted in poor yields of levogluco­
senone, and thus may be only one of several pathways by which 
levoglucosenone is formed.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER I I I
Results and Discussion
4+2 Cycloaddition Reactions. — The chemistry and stereochemistry 
of some 4+2 cycloaddition products of levoglucosenone have been the
o
subjects of an e a r l ie r  report. The reaction of 1 with 1,3-cyclo-
pentadiene to produce the cyclic  derivative 5 (in  48% y ie ld )  was
discussed and the stereochemistry of 5 was deduced on the basis of 
1 8H-n.m.r. spectral evidence. In the present study, an isomer of 5
has been iso lated , 6 , in a 3% y ie ld  from the same reaction and i ts
structure is investigated here.
There are four possible 4+2 cycloaddition products from the
reaction between levoglucosenone and cyclopentadiene. One has been
assigned to 5. This structure has been confirmed by a single crystal
19X-ray d if fra c tio n  study of the epoxide 8 , which was synthesized from
5. Of the three remaining p o s s ib il it ie s  ( 6 a, 6 b, and 6 c ) ,  the magnetic
d is s im ila r ity  in the ^H-n.m.r. spectrum of H - l l anti and H - l l syn
(0.46 ppm apart) seen fo r  6  (see Table I )  as opposed to the smaller
0.17 ppm difference in the position of these protons of 5, indicates
that the parent ring is attached to the norbornyl ring in the exo
H Ig exo
Sen
H r
11a
11s
5
Hi
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position, placing the 2 C-11 protons in d if fe r in g  environments. The 
two structures containing th is ,  6 b and 6 c, would be expected to have 
s im ilar ^H-n.m.r. spectra, and thus i t  would be d i f f i c u l t  to distinguish  
between them. Molecular models indicate that the dihedral angle between 
H-3 and H-4 is s im ilar and small in both 6 b and 6 c, despite the orien­
tation of the norbornyl ring being "above" the parent ring system in 
6 b and "below" in 6 c (see Figure I ) .  Thus the coupling constant ^
C H f-O
attack from -X
"abov *̂’ X—<e"
Æ attack from
belowo
C H t—o
FIGURE I .  Direction of attack on levoglucosenone.
of 9.0 Hz (see Table I I )  does not indicate which of the two structures, 
6 b or 6 c, is correct. The H-3 and H-4 resonances of 6  are both further
11s
11a
6a
upfield  than those in 5, consistent with the anisotropic effects of the
20C=C which, according to ApSimon's model, would have a shielding 
e ffe c t  on both H-3 and H-4 of e ith er 6 b or 6 c. In unsubstituted
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CD■D
O
Q.
C
g
Q.
1 aTABLE I .  H-n.m.r. assignments for compounds 5 through 12.
■D
CD
C/)W
o'3
0
5
CD
8
( O '3"
1
3
CD
3.
3"
CD
CD■D
O
Q.C
a
o
3
■D
O
CD
Q.
■D
CD
C/)
C/)
5 6 7 8 ?b i f 12
H-1 4.77{s) 5.05(s) 5.01(s) 5.04(s) 4.93(s) 5.14(d) 4.92(s) 5.05(s)
H-3 2.99(m) 2.26(d) 3.42(d) 2.84(dd) 2.91(dd) 3.18(dd) 2.73(dd) 2.75(dd)
H-4 2.39(dd) 1.67(d) 2 . 8 8 (d) 2.31(dd) 2.25(dd) 2.28(m) 2.29(dd) 2 . 2 1 (dd)
H-5 4.62(d) 4.82(d) 4.86(dd) 4.82(d) 4.62(d) 4.69(d) 4.89(d) 4.80(m)
H-6 exo 3.77(dd) 3.87(dd) 3.87(m) 3.86(m) 3.71(dd) 3.72(dd) 3.76(dd) 3.87(m)
H-6 endo 3.84(d) 3.81(dd) 3.87(m) 3.86(m) 3.76(d) 3.85(d) 3.89(d) 3.87(m)
H-7 3.34(m) 3.29(s) 3.05(d) 2.19(s) 2.58(m) 2.51(dd) 2.84(d)
H- 8 5.98(dd) 6.31(dd) 3.08(d) 4.06(d) 4.04(d) 4.39(dd) 4.75(d)
H-9 6.24(dd) 6 . 2 0 (dd) 3.50(d) 4.35(s) 2.64(d) 3.54(dd) 3.97(dd)
H-10 2.99(m) 2.90(s) 2.78(m) 1.99(m)C 2.39(dd) 2.37(d) 2.55(dm)
H-llsyn 1.41(m) 1.72(d) 1.51(dm) 1 .8 6 (dm) 2.13(dm) 1.90(dm) 1.89(dm)
H-llanti
-CH3
1.24(m) 1.26(m)
3.62(s)
3.57(s)
0.75(d) 1.29(d) 1.61(dm) 1.19(dm) 1 .13(dm)
1.44(s)
1.28(s)
Assignments given in 6 values relative to TMS, solvent CDCK; 5, 12 at 90 MHz, a ll others at 360 MHz. 
^Solvent used was acetone-dU.
^Signal partia lly  obscured By acetone.
6b
llo
Ils
6c
norbornene, this e ffe c t is evident in the position of the endo protons
21which occur at 0.94 ppm ( 6  value), 0.63 ppm further upfield than the 
exo protons which occur at 1.57 ppm (see Figure I I ) .
exo
position
endo
position
norbornane
FIGURE I I .  Norbornyl nomenclature.
Addition reactions of levoglucosenone previously reported gave 
products arising from attack from "below" the 1 , 6 -anhydro bridge. 
Therefore, despite the s im ila r it ie s  expected in the n.m.r. spectra of 
6 b and 6 c, the la t t e r  structure in which the norbornyl ring is oriented  
"below" the parent ring system is most l ik e ly  the correct structure  
fo r  6 .
The fa c i le  4+2 cycloaddition reaction between levoglucosenone and 
cyclopentadiene offers the p o s s ib il ity  of introducing a variety of new
8
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functional groups onto the levoglucosenone skeleton. This was demon­
strated by the cycloaddition reaction between 1 and a cyclopentadiene 
deriva tive , 1 ,2,3,4-tetrachloro-5,5-dimethoxycyclopentadiene. The 
reaction proceeded easily  on heating and a c rys ta ll in e  product, 7, 
was isolated in 6 8 % y ie ld .  Since th is reaction is analogous to the 
reaction producing 5 and 6 , and sim ilar 4+2 cycloaddition products
have been deduced to have added from "below" the plane of the levo-
8glucosenone ring system, i t  is assumed that the substituted cylco- 
pentadiene is also oriented from "below". In the ^H-n.m.r. the magnetic
MeO
OMe
7
H
s im ila r ity  of the two methoxy substitutents (0.05 ppm apart in the 
^H-n.m.r.) indicates the levoglucosenone molecule is attached in the 
endo position of the norbornyl r ing , which allows the methoxy groups 
to d irec t away from the rest of the molecule, placing them in s im ilar  
environments. With the levoglucosenone molecule attached in the 
exo position considerable s te ric  hindrance results from the position  
o f one of the methoxy groups and they become less s im ilar. Therefore, 
i t  is reasonable to assume that the levoglucosenone ring is attached 
to the substituted norbornyl system in the endo position.
9
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C-6
C-5
C-1
:-io'
C-8
C-3
C-7
c-n
FIGURE I I I .  A computer drawing of the epoxide 8  from crystallographic  
data showing thermal motion of the~atoms.
10
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TABLE I I .  Selected coupling constants (Hz) fo r compounds 5 through 12,
5 6 7 8 9 1 0 11 1 2
- 3 ,4 8.5 9.0 9.2 1 0 . 1 5.4 4.5 1 1 . 1 1 0 . 8
- 3 .7 3.0 - 0 — 4.5 - 0 " 0 5.3 4.3
^4,10 3.2 - 0 — 3.7 10.4 11.7 4.6 4.0
^5,6exo 4.0 4.8 2.7 3.9 5.0 4.7 5.0 4.5
^7.8 3.0 3.1 — - 0 - 0 ~ 0 9 - 0
2 . 0 1.7 - 2 ~ 0 - 0 - 0 - 0
^ , 9 6 5.6 - 3.6 - 0 ~ 0 5.9 5.3
-9 ,1 0 ~ 0 3.0 - - 0 ~ 0 - 0 - 0 - 0
^ 1 0 , 1 1  anti 1.5 1.7 - - 0 - 4.3 ~ 0 1.4
^6 exo,6 endo 7.0 7.0 - - 6.4 7.2 7.4 —
—lls y n . l la n t i 8.5 8.9 - 1 0 . 1 1 0 . 2 1 0 . 8 1 0 . 2 10.4
11
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
The Oxidation of 5. — Upon treatment of 5 with m-chloroperoxy-
benzoic acid, the 8,9-epoxide 8  was produced in 8 6 % y ie ld .  An X-ray
crystallographic study has confirmed i ts  structure as well as the 
19 1structure of 5. The H-n.m.r. assignments and selected coupling 
constants of th is compound are given in Tables I and I I .
8
H
Hydrolysis of norbornyl epoxides with acid has led to rearrange-
2 2  23ment via a proposed neoclassical ion formation. * To determine 
whether this rearrangement occurs with the substituted norbornyl epoxide 
8 , i t  was hydrolyzed with acid. A fter reaction, t . l . c .  showed only one 
product, 9, which was isolated in 49% y ie ld .  I ts  i . r .  spectrum con­
tained two bands at 3387 and 3326 cm"  ̂ showing the presence of hydroxyl 
groups, however, the expected band due to the carbonyl stretch was 
absent. Dreiding models show the p o s s ib il ity  of a hemi-ketal formation 
between C-2 and the hydroxyl group on C- 8  i f  that hydroxyl group is 
endo. The coupling constants of trans protons in norbornyl systems is 
on the order of 2-5 Hz, whereas that fo r  cis protons is in the range
OA pc
of 6-10 Hz. ' No observable coupling between H- 8  and H-9 was
12
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detected in the ^H-n.m.r. spectrum of 9, indicating that the protons 
are most probably in the trans orien tation , with the strain  of the 
added ring changing the conformation of the norbornyl ring system 
enough to eliminate even small coupling between H- 8  and H-9. The 
geminally-coupled protons, H - l l syn and H - l l a n t i , were easily  assigned,
H
OH
OH
9
eliminating the p o s s ib il ity  of a rearrangement having occurred. There 
is  a considerable difference in the ^H-n.m.r. sh ifts  of H - l lanti and 
H - l l syn (0.57 ppm) indicating a deshielding e ffec t of the C-9 hydroxyl 
group on H - l l syn. This is an unusual molecule containing f ive  fused 
rings and functionality  through which i t  may be further modified.
The c is , exo- and endo- 8 , 9 diols were synthesized u t i l iz in g  
osmium tetroxide as the oxidizing agent in a 1 : 1  molar ra tio  with the 
o le fin  5. In the f i r s t  experiment, osmium tetroxide and 5 were s tirred  
in p-dioxane fo r 72 hours at room temperature. Two products were 
evident according to t . l . c . ,  at Rp 0.66 and 0.79. One of the products, 
10 (Rp 0 .6 6 ) ,  c rys ta ll ized  read ily  in 5% y ie ld .  In a second experiment, 
the reaction was repeated but terminated a f te r  only three hours, a l l
13
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the s tarting  material having disappeared. T . l . c .  again showed two 
products with the same Rp values as the f i r s t  experiment, with the 
c ry s ta ll in e  product at Rp 0.79, 11, isolated in 10% y ie ld . While 
only the exo, cis d io l ,  11 was expected due to the s te ric  hindrance 
between endo hydroxyl groups and the rest of the molecule, both the 
endo and exo isomers were observed in both reactions.
--OH
H
- HOH
OH
10
11
There is evidence fo r  stra in  in the endo product, 10, since there 
is no discernable coupling observed at 360 MHz between H- 8  and H-9.
As mentioned e a r l ie r ,  2 ,3 - trans protons in such a norbornyl system 
(see Figure I I )  usually have 2-5 Hz coupling constants while in s im ilar  
compounds in th is study where the protons on C- 8  and 0-9 are c is , ^  g 
ranges from 3.6 to 5.9 Hz (see Table 11).^^ ’ ^  ̂ In 10, therefore, there 
must be considerable tw ist of the norbornyl portion of the molecule to
14
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cause the dihedral angle between H- 8  and H-9 to deviate substantially  
from the 0° angle observed in the untwisted molecular mode. In 11,
the exo hydroxyl groups do not cause s te ric  problems, and g is
5.9 Hz, in the range for the coupling of cis protons in norborane. The 
coupling constant, 4 » fo*" molecules such as these range from 8.5 to
11.1 Hz (see Table I I ) .  In 10 however, 4  is 4.5 Hz, again indicating  
a d is t in c t  conformational change due to the endo hydroxyl groups (since 
the stereochemistry at C-3 and C-4 is known). The twisted conformation 
of 1 0 , which is not seen in 1 1 , may be in part s tab ilized  by in t ra ­
molecular hydrogen bonding of the endo hydroxyl groups with the oxygen 
atom in the pyranose ring.
I t  was suspected that the low yields obtained in these reactions
were due to incomplete cleavage of the osmate ester to produce the 
dio ls . Therefore, a stochiometric amount of osmium tetroxide in dioxane 
was added to the o le fin  5 and the solution s tirred  at room temperature 
fo r  two hours. The cleavage of the ester was accomplished in this exper­
iment by bubbling hydrogen sulfide gas through the dioxane solution at 
room temperature. Surprisingly, t . l . c .  showed only one product at Rp 
0.79 which was isolated in a 74% y ie ld  and found to be identical to 11. 
This result seems to indicate that the endo isomer 10 is formed during 
the ester cleavage process in which sodium s u l f i te  is used with heating.
The oxidation of the double bond 5 was attempted in a fourth
26experiment using the methods of Akashi, Palermo, and Sharpless where 
osmium tetroxide was u t i l iz e d  in c a ta ly tic  amounts, t-butylhydroperoxide
15
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CH
C H 3
12
was the oxidizing agent, and acetone was the solvent. A fter ethyl ether
extraction of the reaction solution, t . l . c .  showed two products, Rp
0.71 and 0.41. This ether solution was dried over anhydrous sodium
sulfate  fo r 72 hours and t . l . c .  a f te r  th is  time showed two spots now
at Rp 0.59 and 0.44. The major product at Rp 0.59, 12, was isolated in
a 19% y ie ld  and c rys ta ll ize d . The i . r .  spectrum of 13 contained no
0-H stretching bands, and high resolution mass spectrometry indicated
a higher mass than that of the expected cis d io ls. I t  was determined
a fte r  examining the chemical ionization and high resolution mass spectra, 
1 13and H- and C -n .m .r., that the isopropylidine derivative of the exo, 
cis d io l ,  11, had been fo rtu itous ly  formed. The exo position of the 
group is indicated by the large difference in the ^H-n.m.r. positions
of H - l l syn and H-11 anti (0.76 ppm) as well as the s im ila r ity  of the
16
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^H-n.m.r. spectrum of 12 to that o f 11. Although expected diol 
must have been an in i t i a l  product, the solvent acetone, which was 
extracted into the diethyl ether, reacted with the diol under the 
dehydrating conditions. The minor product at Rp 0.44 was not isolated  
due to i ts  presence in very small amounts. I t  is possible that th is  
product was the unchanged endo d io l;  s te r ic  considerations probably 
prohibit the formation of the isopropylidine derivative in the endo 
position.
Grignard Reagent Additions to Levoqlucosenone. — Nucleophilic
addition to a, g-unsaturated carbonyl compounds generally occurs at the 
27
3  position, and th is holds true fo r the a, g-unsaturated system of 
levoglucosenone.^*^’ ^  ̂ However, nucleophilic attack on the carbonyl 
as well as the C=C bond can be accomplished by Grignard reagents, and 
the 1,2 and 1,4 additions of methyl magnesium iodide to levoglucosenone
7
have been reported from this laboratory. The addition of long hydro­
carbon chains to levoglucosenone by th is  technique may be used to 
produce compounds which have the potential as non-ionic surfactants.
To th is  end, 1-bromotetradecane (C^^) and 1-bromooctadecane (C-jg) were 
used to make the corresponding Grignard reagents which were then added 
to levoglucosenone. The expected 1,2 addition product using tetradeoyl-  
magnesuim bromide, 13, was obtained in a 20% y ie ld . Its  i . r .  spectrum 
showed the presence of an 0-H stretching band at 3421 cm and the lack of
OH
R
13 R = ^ (C H 2) —CHj
14 R= —
15 R = -(C H 2) - C H 3
17
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a C=0 stretching band. The ^H-n.m.r. spectrum of 13 showed a broad 
signal from 1.20 to 1.56 ppm which integrated fo r 26 protons, a singlet  
at 2.46 ppm which was exchangeable with deuterium, and two v in y lic  pro­
tons. A major by-product was octacosane, obtained by the Wurtz coupling
28of the Grignard reagent with the bromo compound:
R-MgBr + Br-R -----———— R-R + MgBr^
Product 14 obtained from the reaction of levoglucosenone and the 
Grignard reagent of 1-bromooctadecane, was isolated in an 11% y ie ld .
In an attempt to reduce Wurtz coupling, a one-step method u t i l iz in g
29alkyl lith ium  reagents in place of Grignard reagents was investigated. 
When 1-bromotetradecane was used, the reaction could not be in i t ia te d  
even upon vigorous re flux  and the addition of a drop of an in t ia to r  
(methyl iodide) due to the length of the carbon chain. The use of
1-bromodecane in th is  procedure did produce the desired product, 15, 
but again the y ie ld  was low, 1 0 %.
In a previous report,^ the reaction of methyl magnesium iodide 
with levoglucosenone gave a branched chain product which was assigned 
the ^ -erythro configuration. However, in the hydride reduction of 
levoglucosenone, attack of the reducing agent occurred predominantly at 
the carbonyl group to give the a l l y l i c  alcohol with the JQl-threo config­
uration.^ The quaternary center a t C-2 in the branched chain products 
precludes the use of coupling constants to determine the configuration 
of products 13 through 15. However, the configuration of products 13 
through 15 is ten ta t ive ly  assigned the JD-threo configuration by anology 
with the hydride reduction products. This is consistent with attack of 
the Grignard reagent (or alkyl lith ium  reagent) from the less hindered 
side of the carbonyl of levoglucosenone.
18
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CD■D
O
Q .
C
g
Q .
■D
CD
C/)W
o'3
0
3
CD
8
( O '3"
1
3
CD
3.
3"
CD
"O  VO 
o
Q .c
a
o
3
■D
O
TABLE I I I .  assignments for the branched-chain products 14 through 17?
CD
Q .
13 14 15 16
H-1 5.20(d) 5.21(d) 5.23(s) 5.30(d) (H-1') 5.07(s)
H-3 5.57(dd) 5.60(dd) 5.60(dd) 2.49(d) (H-3') 5.56(dd)
H-4 5.94(dd) 5.99(dd) 6 . 0 0 (dd) 3.73(m) (H-4') 6.05(dd)
H-5 4.57(dd) 4.63(dd) 4.64(dd) 4.57(d) (H-5') 4.70(dd)
H-6 exo 3.70(m) 3.72(m) 3.73(m) 3.80(m) (H-6 'exo) 3.80(m)
H-6 endo 3.70(m) 3.72(m) 3.73(m) 4.38(d) (H-6 'endo) 3.80(m)
-OH 2.46(s) 2.54(s) 2.50(s) 3.16(s)
-CH2 ~ 1.36(m) 1.25(m) 1.42(m) 1.26(m)
-CH3 0.84(t) 0.89(t) 0.87(t) 0 . 8 8 (t)
■D
CD
I
C/)W
o' Assignments given in 5 values relative to IMS, solvent CDC1-; 17 at 360 MHz, a ll others 
at 90 MHz.
To determine the fe a s ib i l i ty  of conjugate addition of a long hydro­
carbon chain to the a, 3 -unsaturated carbonyl of levoglucosenone via a 
Grignard reaction, the Grignard reagent of 1-bromodecane was prepared 
and allowed to react with levoglucosenone in the presence of copper ( I )  
chloride. The product, 16, was isolated as a yellow o il  in 40% y ie ld .  
The i . r .  spectrum of 16 showed bands at 3469 cm~̂  indicating a hydroxyl 
group, and at 1737 cm~̂  indicating a carbonyl. The ^H-n.m.r. spectrum 
contained two o le f in ic  resonances and an eighteen proton signal at 61.26 
indicating one decyl group was contained in the molecule. I t  was 
determined that a dimer o f levoglucosenone with the long chain hydro­
carbon attached had been formed. This is possible through a mechanism 
where the carbanion formed at C-3 a f te r  conjugate addition of the 
Grignard reagent, attacks the carbonyl of another levoglucosenone 
molecule to produce 17. The bulky hydrocarbon chain at C-4 must provide 
enough s te ric  hindrance to cause the attachment of the second levogluco­
senone molecule from "above". An axial position of the second levoglu­
cosenone group attached to C-3 is indicated by the lack of observable 
coupling between H-3 and H-4. Molecular models show a dihedral angle 
between H-3 and H-4 of 90® fo r trans substituents on C-3 and C-4, 
whereas a cis relationship would cause a dihedral angle close to 0 ®.
The axial position is also indicated by the position of H-6 endo which 
is  shifted considerably further downfield (0.58 ppm) from the other 
three C- 6  protons, due to interaction with the bulky levoglucosenone 
molecule. Another dimer and two trimers of levoglucosenone have been
20
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OH
C H ,
16
isolated p r e v i o u s l y T h i s  add itiona l, substituted dimer offers  
another method fo r the formation of carbohydrate oligomers.
The Oxidation of 13. — Levoglucosenone has been oxidized with 
osmium tetroxide to y ie ld  the cis 3 -equatoria l, 4-axia l diol which was 
isolated as the isopropylidine derivative 17 (see Experimental Section) 
I t ' s  i . r .  and ^H-n.m.r. spectra were s im ilar to that reported fo r this
C H ,
17
30compound. Therefore, this method was used to increase the hydro­
p h il ic  nature of the Grignard addition product 13. The expected
21
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product, 18, was obtained in 27% y ie ld  and was a white, waxy solid .
The cis C-3 equatoria l, C-4 axial assignments of the hydroxyl groups 
were based on the comparison of the ^H-n.m.r. of 18 to that of 1 ,6 -  
anhydro-3 -D-altropyranose, 19, and 1,6-anhydro-g-D-talopyranose, 20 
(see Table IV ). The two major pieces of evidence are the position of 
H-6 endo and g. In 20, the C-3 axial and C-4 equatorial positions 
of the hydroxyl groups deshield H-6 endo. This is seen in the downfield 
s h if t  o f 0.70 ppm for the ^H-n.m.r. signal of H-6 endo from the signal 
fo r  H-6 exo. In 18, H-6 endo and H-6 exo are only 0.07 ppm apart in d ica t­
ing th e ir  environments to be very s im ilar . The coupling constant ^  g
18
is also dependent upon whether H-4 is axial or equatorial. I f  H-4 is  
equatoria l, g is 4 .0  Hz, but i f  H-4 is a x ia l ,  ^  g becomes 2.0 Hz
as seen fo r  J.  ̂ in 18. This again is consistent with the trend of4 ) 5 -V-S»
OH
OHOH
19
OH
HO OH
20
22
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TABLE IV . Selected ^H-n.tn.r. s h ifts  (6 , ppm) and coupling constants
(Hz) fo r  compounds 18 to 20.
18 19^0 2 0 ^ 0
H-1 5.12 5.30 5.24
H-3 3.58 3.58 4.09
H-4 3.74 3.88 3.87
H-5 4.46 4.59 4.36
H-6 exo 3.68 3.74 3.58
H-6 endo 3.61 3.74 4.28
J3  4  -5  3.8 4.5
2 2.5 4.0
^5,6exo ^
0.9  0.8  0.8
.  . 7.7 - 7.5^€exo,6 endo
23
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s e le c t iv ity  induced by the 1 , 6 -anhydro ring which directs attack on 
the levoglucosenone molecule to occur from "below" the levoglucosenone 
ring system.
Reaction of Levoqlucosenone with Amines. — I t  is well known that
amines add to a ,  3 -unsaturated carbonyl compounds yie ld ing 3 -amino
27carbonyl products. This has been found to be the case with the 
reaction of levoglucosenone with £-n itroan iline . The reaction yielded  
the expected c rys ta ll in e  product, 2 1 , but in a very low y ie ld  ( 2 %) using 
£-toluenesulfonic acid as a cata lyst. As with the Michael additions to
g
levoglucosenone, £ -n it ro a n il in e  added "below" the pyranose ring as 
confirmed by the measurement of ^H-n.m.r. coupling constants. The 
constant, 4  was observed to be 6.2 Hz and 4  was not observed.
This is consistent with the values measured fo r axial substituents on 
C-4 where 4  ranges from 5.0 to 9.0 Hz and 2gg 4  ranges from very
small to 3.0 Hz.^
H
H—N
H
o
21
The reaction of levoglucosenone with an aromatic amine, pyrrole , was 
also performed. An e le c tro p h ilic  substitution on the pyrrole ring was
24
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expected to produce addition of levoglucosenone at C-4 to pyrrole, as this
8has been reported to occur during the addition of furan to levoglucosenone. 
A solution of levoglucosenone and pyrrole (as the solvent) was heated 
under re flux  until t . l . c .  indicated a l l  the levoglucosenone had reacted.
The major product was found to contain a pyrrole unit at C-4, however, 
the carbonyl carbon of levoglucosenone added to another molecule of 
pyrrole as w e ll ,  producing the addition product 22 in a 5% y ie ld . The 
low y ie ld  was due in part to the in s ta b i l i ty  of the compound in solution. 
Upon attempted re c ry s ta l l iza t io n , 22 decomposed to unknown products.
I t  was possible to obtain ^H-n.m.r. spectral data i f  done quickly, 
however, and the coupling constant of 7.7 Hz fo r  ̂ is consistent 
with an axial substituent on C-4 as stated e a r l ie r .  I t  is d i f f ic u l t
OH
NH HN
22
H
to determine the stereochemistry at C-2. The ^H-n.m.r. signal fo r  one 
of the H-9 protons occurs at 66.07 (the other occurring at 66.17) which 
indicates i t  is shielded to some extent. This could occur i f  the 
pyrrole group at C-2 was in an axial position and i t  or the other 
substituent was oriented in a way to place H-9 or H-9' in the shielding  
region of the pyrrole double bonds. Therefore, the ten tative  structure 
of 2 2  is proposed to contain the two pyrrole substituents in axial positions
25
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Photochemical Additions to Levoglucosenone. — Carbohydrates with
32anhydro linkages undergo a varie ty  o f photochemical reactions, with 
the a, g-unsaturated carbonyl function undergoing photochemical additions 
of alcohols^^’ ^  ̂ to the double bond, as well as 2 + 2  cycloadditions^^’ ^^’ ^  ̂
with alkenes.
The addition of methnaol to levoglucosenone was accomplished using 
methanol as the solvent in a photolysis reactor with benzophenone as a 
sens it ize r. A fter four hours of ir ra d ia t io n , a l l  the levoglucosenone 
had reacted and the expected product, 23, isolated as a yellow o il  in 
a 20% y ie ld .  The axial position o f the substituent a t C-4 was deter­
mined by the coupling of H-4 with H-3ax and H-3eq. The constant, 4
was 8 . 8  Hz, in the range expected fo r C-4 axial substituents. There 
was no discernable coupling between H-4 and H-3eq.
CH
OH
H
23
26
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CHAPTER IV
Experimental
General. — ^H-n.m.r. (90 MHz) and ^ \ - n .m . r .  (22.5 MHz) were
recorded with a Joel FX-90Q instrument, and 360 MHz ^H-n.m.r. and 
1390.6 MHz C-n.m.r. were recorded at the National Science Foundation 
Regional N.M.R. Center, Colorado State University. Infrared spectra 
were recorded with a Nicolet MX-1 instrument and mass spectra with a 
Varian M.A.T. I l l  spectrometer, except fo r high resolution mass spec­
trometry and chemical ionization spectra which were recorded at the 
National Science Foundation Regional M.S. Center, University of 
Nebraska, Lincoln. A ll Thin-layer chromatographic ( t . l . c . )  assays were 
conducted on Baker-flex s i l ic a  gel IB2-F. In a l l  instances, t . l . c .  
detection was achieved by U.V. absorbance or by spraying with 1:2:37 
anisaldehyde-sulfuric acid-ethanol. S il ic a  used fo r column separa­
tions was supplied by E. Merck (s i l ic a  gel 60, 70-230 mesh).
Reaction of levoglucosenone with cyclopentadiene (5 ,6 ) .  — The 
experimental procedure fo r  th is  reaction has been previously reported.^ 
However, the need fo r larger quantities of 5 required a larger scale 
preparation. Levoglucosenone (2 .0  g) was heated under reflux with 
dicyclopentadiene (15 mL) fo r 1.25 h. Column chromatographic separa­
tion of the products (s i l ic a  ge l,  using 1 : 1  hexane-ethyl acetate as the 
eluting solvent) yielded 5 (0.63 g , 21%), as well as 6  (0.11 g , 3%). 
Thus, the two isomers were isolated in a ra t io  of 7:1 respectively.
The data below are fo r  6 ; 3020, 2812, 2720 cm"̂  (C-H s tre tc h ),
iTlaX
1721 (C=0), and 1119 (C-O-C). ^H-n.m.r. (360 MHz, CDCl^-TMS):
see Tables I and I I .
Anal. Calc, fo r C^^H^gO :̂ C, 68.74, H, 6 .29 , Found: C, 68.85;
H, 6.56.
27
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Reaction of levoglucosenone with 1 ,2 ,3 ,4“tetrach1oro~5,5-dimethoxy 
cyclopentadiene (7 ) .  — Levoglucosenone (0.35g, 2.8 mmol) was heated 
under re flux  with 1 ,2,3,4-tetrachloro-5,5-d im ethoxy cyclopentadiene 
(0.73g, 2 .8  mmol). A fte r several minutes the solution appeared black 
and heating was discontinued. T . l . c .  (1:1 hexane-ethyl acetate) showed 
the absence of s tarting  m ateria l. The black material was eluted through 
two short (25 x 110 mm) s i l ic a  columns ( f i r s t  with 5:4 acetone-ethyl 
acetate and then with 1 : 1  hexane-ethyl acetate) to remove the dark 
colored impurity. A ll the fractions o f f  the las t column were combined 
and the solvent removed by rotary evaporation. The orange o il remaining 
crys ta ll ized  immediately upon removal of the solvent to y ie ld  crude 7 
(0.74g, 6 8 %). The product was recrysta llized  from hexane/ethyl acetate 
yie ld ing colorless, needle-like crysta ls , m.p. 124-125°: 2951 cm"̂
IT Io X
(C-H s tre tc h ),  1732 (C=0), 1611 (C=C), and 1200 (C-O-C). ^H-n.m.r.
(360 MHz, CDCI3 -TMS): see Tables I and I I .
Anal. Calc, fo r  C^gH^gCl^Og: C, 40.03, H, 3.10; C l, 36.36.
Found: C, 40.08; H, 3.21; C l, 36.18.
Oxidation of 5 with m-chloroperoxybenzoic acid ( 8 ) .  — A solution 
of m-chloroperoxybenzoic acid (85%, 0.80g, 4.0 mmol) in CHCI3  (9 mL) 
was added to levoglucosenone (0.48g, 2.5 mmol) in CHCI3  (7 mL) at 
room temperature over a period of 0.5 h. The temperature of the 
solution rose from 24 to 28°. A fte r addition was complete, the colorless 
solution was s t irred  fo r  an additional 17 h. A fter th is time, a white 
prec ip ita te  (m-chlorobenzoic acid) was evident, and t . l . c .  ( 1 : 1  hexane- 
ethyl acetate) indicated one product at Rp 0.43, with no starting  
material remaining. The solution was cooled in an ice bath to prec ip i­
ta te  any remaining m-chlorobenzoic acid, and then f i l te re d  through
28
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sintered glass. The prec ip itate  was washed with three prêtions of cold 
CHClg and the combined washings and orig inal solution were extracted 
with three portions of s a t . ,  aqueous NaHCÔ  (15 mL) and then with one 
protion of HgO (15 mL). The CHCl^ solution was dried over anhydrous 
NagSO  ̂ and the solvent removed by rotary evaporation to y ie ld  8  as a 
white solid  (0.45g, 8 6 %) which was recrysta llized  from the slow evapor­
ation o f ethyl acetate to y ie ld  colorless needles, m.p. 140-141°.
'^max 2968 cm”  ̂ (C-H stretch) and 1723 (0=0). ^H-n.m.r. (360 MHz,
CDCI3 -TMS); see Tables I and I I .  ^ \ - n .m . r .  (90.6 MHz, CDCI3 -TMS):
Ô 200.4 (C -2 ), 100.5 (C -1 ), 74.6 (C -5 ), 70.5 (C-6 ) ,  49.5, 48.9 (C-8 , 
C -9), 44.8 (C-7 and C-10), 42.5 (C -3), 41.0 (C -4), and 26.2 (C-11).
Anal. Calc, fo r  C^^H^gO :̂ C, 63.45; H, 5.81. Found: C, 63.50;
H, 5.95.
Acid hydrolysis o f the epoxide 8  (9 ) .  — The epoxide 8  (0.12g,
0.57 mmol) was dissolved in THF (5 mL) and 0.05N Ĥ SÔ  (12 mL) added
to i t .  The solution was shaken to become homogeneous and l e f t  at room
temperature for 72 h a f te r  which BaCOg was added to neutralize the 
acid. The BaCÔ  was f i l te r e d  o f f  and the majority of solvent removed 
by rotary evaporation. Out of the reduced volume, colorless crystals  
of 9 (0.64g, 49%) p rec ip itated , m.p. 223-225°. u 3381 , 3325, cm"̂  
(0-H s tre tc h ), 2937, 2933 (C-H), and 1098, 1012 (C-0). ^H-n.m.r.
(360 MHz, acetone-d^-TMS): see Tables I and I I ,  also 6  2.84 (m, OH),
J3  g 4 .9  Hz.
Anal. Calc, fo r C-j-jH-j^Ogi C, 58.40; H, 6.24. Found: C, 58.49;
H, 6.31.
29
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Oxidation of 5 with osmiurn tetroxide to produce 10. — Compound 
5 (0.15g, 0.80 mmol) was dissolved in dry dioxane (5 mL) and a solution 
of osmium tetroxide in dioxane (5 mL, 0.04g OsO^/mL, 0.79 mmol) was 
added over a period of 5 min. Immediately the solution turned black 
and was allowed to s t i r  at room temperature fo r 72 h. A fter th is time 
the solvent was removed by rotary evaporation leaving the black osmate 
ester (0.39g, 110%). A saturated solution of NagSO  ̂ in 1:1 ethanol- 
HgO (30 mL) was added to the osmate ester and heated under reflux for  
2 h. A fte r heating, the solution was f i l te r e d  and the black perc ip itate  
washed several times with methanol. The yellow solution containing 
both product and excess NagSOg was reduced to dryness by rotary evapor­
ation and extracted with cold abs. ethanol. T . l . c .  (5:4:1 acetone- 
ethyl acetate-HgO) showed two products, Rp 0.79 and 0.66. The product 
with Rp 0.66 was read ily  crys ta ll ized  y ie ld ing 10 (8.7mg, 5%) as white 
needles, m.p. 182-183°. 3234 cm"  ̂ (0-H s tre tc h ), 2884 (C-H), 1751
iTIaX
(C=0), and 1053 (C-0). ^H-n.m.r. (360 MHz, acetone-d^-TMS): see
Tables I and I I ,  also 6  2.86 (m, 2H, OH),  ̂3.2 Hz, ^  n a n t i  3.1 Hz,
and g 4.7 Hz.
Anal. Calc, fo r  C^^H^^Og: C, 58.40; H, 6.24. Found: C, 58.25;
H, 6.28.
Oxidation o f 5 with osmium tetroxide to produce 11. — (a) Using
sodium s u lf i te  to cleave osmate e s te r . Compound 5 ( 0 .35g, 2.8 mmol) 
was dissolved in dioxane (10 mL) and a solution of osmium tetroxide in 
dioxane (18.5 mL, 2.8 mmol) was added over a period of 5 min. Immedi­
ate ly  the solution turned black and was allowed to s t i r  at room tempera­
ture fo r  3 h. The solvent was removed by rotary evaporation and a 
saturated solution of NagSO  ̂ in 1:1 ethanol-HgO (40 mL) was added to
30
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the osmate ester. The solution was heated under reflux for 1.5 h to 
cleave the ester. T . l . c .  (5:4:1 acetone-ethyl acetate-H^O) revealed 
that two products were evident, Rp 0.70 and 0.66. The black prec ip itate  
(containing the reduced osmium) which remained upon cleavage of the 
osmate ester was very d i f f i c u l t  to remove, and several elutions through 
a s i l ic a  column (15 x 100 mm) with methanol were necessary to remove 
the main portion of the p rec ip ita te . Colorless crystals of 11 (63.6 mg, 
10% Rp 0.79) formed at room temperature a f te r  removal of the methanol 
and were recrys ta llized  from hot ethanol y ie ld ing colorless p lates, m.p. 
183-185°. 3 4 3 g cm'  ̂ (0-H s tre tc h ),  2965 (C-H), and 1723 (C=0).
^H-n.m.r. (360 MHz, acetone-d^-TMS): see Tables I and I I ,  also 6  4.18
(br s, IH, OH), 2.89 (br s, IH, OH), and ^  1.6 Hz.
Anal. Calc, fo r  Ĉ j^H^^O :̂ C, 58.40; H, 6.24. Found: C, 58.23;
H, 6.44.
(b) Using hydrogen su lfide to cleave osmate es ter. — Compound 5 
(0.73g, 3 .8  mmol) was dissolved in dioxane (10 mL) and a solution of 
osmium tetroxide in dioxane (25 mL, 3.7 mmol) was added a l l  a t once. 
Immediately the solution turned black and was allowed to s t i r  at room 
temperature for 2 h. A fter th is time, Ĥ S was bubbled through the 
solution fo r 0.5 h and the heavy black prec ip itate  f i l te re d  o f f .
T . l . c .  (5:4:1 acetone-ethyl acetate-H^O) of the solution showed only 
one product, Rp 0.79. The dioxane was removed by rotary evaporation 
yie ld ing  white crystals of 11 (0.62g, 74%), m.p. 178-180°. The spectral 
data fo r th is compound were identical to that fo r 1 1 .
31
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The osmiurn tetroxide-cata1yzed oxidation of 5 (12). — The method 
of Akashi, Palermo, and Sharpless was used fo r th is procedure. Compound 
5 (0.20g, 1.0 mmol), tetraethyl ammonium acetate (0.05g, 0.2 mmol), 
t-butylhydroperoxide (90+%, 0.22 mL, 1.98 mmol), and acetone (20 ml) 
were mixed and the resulting solution cooled in an ice bath for 1 0  min.
An osmium tetroxide solution was prepared (0.56g OsO ,̂ 110.5 mL ;t-butyl 
alcohol, and 0.55 mL 90+% jt-butyl hydroperoxide) and a portion of this  
(0.13 mL) added to the acetone solution. Immediately the solution turned 
a l ig h t  tan color. I t  was allowed to s t i r  in the ice bath for 1 h and 
then at room temperature fo r 16 h. A fter th is  time, the solution was 
again cooled in an ice bath, and ethyl ether (25 mL) and 10% aqueous 
NaHCOg (5 mL) were added. The solution was s tirred  at room temperature 
fo r  0.5 h, the aqueous layer drawn o f f  and discarded,and the organic 
layer washed with 2 portions (10 mL each) of a sat. NaCl solution. The 
organic layer was dried over anhydrous Na^SO  ̂ and o r ig in a lly  showed 2  
products as evidenced by t . l . c .  (1:1 hexane-ethyl acetate), Rp 0.71 
and Rp 0.41. A fter drying fo r 48 h, t . l . c .  showed two products with 
Rp values at 0.59 and 0.44. The ether was removed under reduced 
pressure and the resulting yellow o il  eluted through a s i l ic a  column 
(24 X 190 mm) with 1:1 hexane-ethyl acetate. The product at Rp 0.59 
was read ily  c rys ta ll ized  y ie ld ing  12 (43 mg, 19%), m.p. 183.5-184°.
^max 2900 cm"̂  (C-H stretch) and 1730 (0=0). ^H-n.m.r. (360 MHz,
CDClg-TMS): see Tables I and I I ,  also nsyp 2-0 Hz. ^^C-n.m.r.
(90.6 MHz, CDCI3 -TMS): 6  201.3 (C -2 ), 132.9 (C -9 ), 114.0 (C-8 ) ,  100.1
(C -1 ) , 78.2 (C-12), 74.0 (C -5 ), 71.7 (C-6 ) ,  46.9 (C -3), 45.1 (C -4),
43.7 (C -7 ), 41.0 (C-10), 33.5 (C-11). 25.1 (CH3 ) ,  and 24.0 (CH3 ).
High resolution mass spectrum, m/z: no parent, 251.0920 (100%),
32
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223.0972 (51%), 181.0863 (29%), 117.0702 (24%), and 105.0705 (67%). 
Chemical ion ization , 267 (MH+, 9.4%).
Anal. Calc, fo r  C^^H-jgOg: C, 63.15; H, 6.81. Found: C, 63.23;
H. 6.99.
The Grignard reaction between levoqlucosenone and tetradecyl-  
magnesium bromide (13). — Oven dried Mg (0.14g, 5.8 mmol) was placed in 
anhydrous ethyl ether (15 mL) and a solution of 1-bromotetradecane 
(0.14g, 5.0 mmol) in ethyl ether (15 ml) was added slowly. In i t ia t io n  
of the reaction was fa c i l i ta te d  with a drop of methyl iodide, and the 
1 -bromotetradecane solution added at a rate to keep the ether under 
re flu x . A fter addition was complete, the solution was heated fo r an 
additional 20 min. The water bath was then removed and a solution of 
levoglucosenone (0.56g, 4,4 mmol) in anhydrous ethyl ether (10 mL) was 
added slowly to the Grignard reagent. When addition was complete, the 
solution was allowed to cool to room temperature, and d ilu te  HgSÔ  
added u n ti l  the aqueous layer became acid ic . The aqueous layer was 
washed with one portion o f ether (30 mL), the ether layers were com­
bined and dried over anhydrous NagSO .̂ T . l . c .  (1:1 hexane-ethyl acetate) 
of the ether extracts indicated three products, Rp 0.98 (octacosane, the 
Wurtz-coupled by-product identical with authentic sample), 0.71 (expec­
ted product), and 0.59 (unreacted levoglucosenone). Removal of the 
ether by rotary evaporation yielded a yellow, waxy solid (1.77g) which 
was eluted on a s i l ic a  column (30 x 220 mm) with 1:1 hexane-ethyl 
acetate. The desired product was obtained, 13 (0.37g, 25%), and re­
crystal l ized  from hexane-ethyl acetate, m.p. 60-61°. u 3421 cm ^
(0-H s tre tc h ),  2915, 2849 (C-H), and 1471 (C=C bend). ^H-n.m.r.
(90 MHz, CDCI3 -TMS): see Table I I I ,  also ^   ̂ 4.2 Hz, J3   ̂ 9.8 Hz,
33
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
arid Jn Q 2.0 Hz.
I , 3
Anal. Calc, fo r CgoH^^Og: C, 74.03; H, 11.18. Found: C, 73.90;
H, 11.38.
The Grignard reaction between levoglucosenone and octadecyl-
magnesium bromide (14). — Oven dried Mg (0.12g, 5.0 mmol) was placed
in anhydrous ethyl ether (5 mL) and a solution of 1-bromooctadecane
(1.60g, 4 .8  mmol) in ethyl ether (20 mL) was added slowly. In i t ia t io n
of the reaction was fa c i l i ta te d  with a drop of methyl iodide, and the
1 -bromooctadecane solution added at a rate to keep the ether under
re flu x . When addition was complete, the solution was heated with a
water bath fo r an additional 40 min. The water bath was removed and a
solution of levoglucosenone (0.60g, 4 ,8  mmol) in ethyl ether (15 mL)
was added to the grignard reagent over a period of 10 min. When the
addition was complete, the solution was cooled to room temperature and
d ilu te  HgSÔ  added until the aqueous layer was acidic. The aqueous
layer was washed with 1 portion of ether (30 mL), the ether layers
combined, and dried over anhydrous NagSO .̂ T . l . c .  (1:1 hexane-ethyl
acetate) indicated the presence of hexatriacontane (the Wurtz-coupled
by-product identical with authentic sample), Rp 0.95, and the desired
product at Rp 0.74. Removal of the solvent by rotary evaporation
yielded a yellow, waxy solid which was dissolved in a minimum amount of
hexane and cooled to -20°. The desired product, 14, precipitated out
KBrof solution as a white, waxy solid (0.20g, 11%), m.p. 67-68°. u 
3424 cm"! (0-H s tre tc h ) ,  2915, 2850 (C-H), and 1741 (C=C). ^H-n.m.r.
(90 MHz, CDClg-TMS): see Table I I I ,  also  ̂ 2 .9 Hz, 2^ 4  10-6 Hz,
and 2  ^ H z .
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Anal. Calc, for C, 75.74; H, 11 Found: C, 75.90;
H, 11.72.
Addition o f n -decyllithium to levoglucosenone (15). — This pro­
cedure was adapted from the method of Pearce, Richards, and S c illy .^^  
Lithium wire (0 .8  inch, O.OBBg, 12.7 mmol, wire contained 0.8% Na) was 
cut into three pieces and placed in THF (5 ml) under an argon atmosphere. 
Levoglucosenone (O.BOg, 6.3 mmol) and 1-bromodecane (0.17g, 7.7 mmol) 
were dissolved in THF (3 mL) and several drops were added to the lithium. 
Reaction did not in i t ia t e  upon heating to re f lu x , therefore a drop of 
methy iodide was added. The color of the solution changed from the 
orig inal l ig h t  yellow to brown. A fte r addition was complete, the solution 
was allowed to s t i r  a t room temperature fo r 3 h and then decanted o ff  
any remaining lith ium . The THF was removed by rotary evaporation and 
the crude product dissolved in ethyl ether. The ether solution was 
extracted with 0.05N H^SO .̂ During extraction, a thick emulsion formed 
which was broken up with a solution of NaCl. The aqueous layer was ex­
tracted with 2 portions of ethyl ether (20 mL each) and the ether portions 
were combined and dried over anhydrous NagSO .̂ Removal of the ether by 
rotary evaporation afforded a yellow o il  which was chromatographed on a 
s i l ic a  column ( 2 2  x 2 2 0  mm) with 1 : 1  hexane-ethyl acetate yielding white 
crystals of 15 (0.17g, 10%), m.p. 50-51°. v 3 4 2 4  cm'  ̂ (0-H s tre tch),  
and 2915, 2853 (C-H). ^H-n.m.r. (90 MHz, CDCl^-TMS): see Table I I I ,
also 0 4 ^ 5  4.6 Hz, Jg 4  ~9 Hz, g 1.7 Hz, and ^ ^ 5^  3-9 Hz.
Anal. Calc, fo r C^gHggOg: C, 71.60; H, 10.52. Found: C, 71.86;
H, 10.66.
Conjugate addition of decylmagnesium bromide to levoqlucosenone 
using copper ( I )  chloride (16). — Oven dried Mg (0.30g, 12.5 mmol)
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was placed in anhydrous ethyl ether (20 mL) and a solution of 1-bromo­
decane (3 .2g, 14.5 mmol) in ethyl ether (2 mL) was added slowly. 
In i t ia t io n  of the reaction was fa c i l i ta te d  with a drop of methyl iodide. 
The 1-bromodecane solution was added within 10 min and the solution 
heated to reflux fo r an additional 20 min with a water bath. A fter this  
time, the water bath was removed and CuCl (O .lg) was added. A solution 
of levoglucosenone (1.51g, 12.0 mmol), in ethyl ether (2 mL) was added 
slowly to the Grignard reagent over a period of 30 min, causing a vigor­
ous reaction. During addition the solution turned a deep blue color. 
Dilute  HgSÔ  was then added slowly until the aqueous layer was ac id ic ,  
the aqueous layer was extracted with 1 portion of ethyl ether (50 mL) 
and the ether layers combined and dried over anhydrous NagSO .̂ Upon 
removal o f the solvent by rotary evaporation a yellow-green o il  remained 
(2 .0g ). T . l . c .  (1:1 hexane-ethyl acetate) indicated the Wurtz-coupled 
by-product, eicosane, several t r i v ia l  products, a major product at Rp 
0.65. The o il  was eluted through a s i l ic a  column (30 x 250 mm) with 
1:1 hexane-ethyl acetate and yielded 16 as a yellow o il  (0.90g, 38%).
^neat ,̂ -̂1 (g-H s tre tc h ), 2925 (C-H), and 1737 (0=0). ^H-n.m.r.
max
(360 MHz, CDClg-TMS): see Table I I I ,  also 4 , 10.0 Hz, ^ . ^ 5 .
4.1 Hz, Jg, g, 2.3 Hz, 2.1 Hz, , 6 'exo  ̂ ^ , 6 exo 
^6 endo, 6 exo
Anal. Calc, fo r  C, 66.98, H, 8.69. Found: C, 66.76;
H, 8.77.
The oxidation of levoglucosenone with osmi urn tetroxide (17 ). — 
Levoglucosenone (0.50g, 4 ,0  mmol) was dissolved in dioxane (10 mL) and 
a solution of osmium tetroxide (0.06g, 4.2 mmol) in dioxane (15 mL) 
was added. This solution was allowed to s t i r  at room temperature fo r
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2 0  h, a f te r  which hydrogen sulfide was bubbled through to cleave the 
osmate ester. The black solid remaining was removed by f i l t r a t io n  and 
the f i l t r a t e  was reduced in volume vn vacuo to y ie ld  a tan o il  (0.44g, 
6 8 %). The tan o il  was dissolved in dry acetone (20 mL), anhydrous 
CuSÔ  added to ensure dryness, and the solution allowed to s t i r  at 
room temperature fo r 20 hours. A fter th is  time, t . l . c .  (ethyl acetate) 
showed some starting  material remained, as well as a product a t Rp 0.96. 
The mixture was eluted through 2 s i l ic a  gel column (20 x 100 mm), once 
with ethyl acetate and then with 2 : 1  ethyl acetate-hexane, y ie ld ing  a 
yellowish solid which was recrys ta llized  from ethyl ether to y ie ld  
colorless needles of the isopropylidine derivative 17 (O.lOg, 19%, based 
on 1); m.p. 79-80° ( l i t . ^ ^ :  82 °);  [a]p-154° ( l i t ^ ° :  -17 3°).  ^H-n.m.r.
(90 MHz, CDCI3 -TMS): 6  5.26 (s . IH. H -1), 4.93 (m, IH. H-5), 4.56
(br m, 2H, H-3, H -4), 3.95 (m, 2H, H-6 exo, H-6 endo) ,  1.44 (s , 3H, CH_), 
and 141 (s , 3H, CH3 ) .
Oxidation of 13 with osmium tetroxide (18 ). — Compound 13 (0.63g,
1.9 mmol) was dissolved in dioxane (10 mL) and a solution of osmium 
tetroxide (0.51g, 2.0 mmol) in dioxane (13 mL) was added a l l  at once.
Some blackening occurred upon addition, however a f te r  96 h t . l . c .  in ­
dicated some starting  material s t i l l  remained. A solution of ^ ^ 2 6 0 3  
in 1:1 ethanol-HgO (20 mL) was added to the reaction mixture and heated 
under reflux fo r 2 h. The black prec ip ita te  was f i l te re d  and the solvent 
removed by rotary evaporation. A milky residue remained which was 
frozen and placed under vacuum (50 u) fo r  12 h. T . l .c .  (1:1 hexane- 
ethyl acetate) indicated some starting  material (Rp 0.71) as well as 
the desired product (Rp 0 .09 ). Therefore the mixutre was eluted on a 
s i l ic a  column ( 2 0  x 1 1 0  mm) with ethyl acetate y ie ld ing a white, waxy
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so lid , 18 (0.19g, 27%), m.p. 71-72°. 3393 cm'  ̂ (0-H stretch.
I l ia  X
2920, 2850 (C-H), 1473 (C-H bend), and 1115 (C -0). ^H-n.m.r. (acetoni-
tr i le -d j-T M S ):  see Table IV, also Ô 2.82 (br s, 3H, OH), 1.27-1.29
(m, 26H, CHg), 0.88 ( t ,  3H, CH^).
Anal. Calc, fo r  C20^38^5' 67.00; H, 10.68. Found: C, 66.75;
H, 10.49.
Reaction of levoqlucosenone with p-n itro a n il in e  (21). — Levogluco­
senone (0.60g, 4 .8  mmol), £ -n it ro a n il in e  (0.76g, 5.5 mmol), and several 
small crystals of £-toluenesulfonic acid were dissolved in toluene 
(80 ml) and the solvent was cycled through a Soxhlet apparatus with 
molecular sieve (48) in the thimble. The solution was heated to boiling  
and allowed to cycle fo r  24 h. A fte r th is time, the solution was f i l te r e d  
through a pad of solid  NaHCOg, and the toluene removed by rotary evapor­
ation. T . l . c .  showed no major product, however, upon standing, a yellow  
cry s ta ll in e  material precip itated out o f the brown o il  that remained. 
Isolated was 21 (0.03g, 2%), m.p. 170-171°. 3370 cm'  ̂ (N-H s tre tc h ),
~  nidX
2900 C-H), 1737 (C=0), and 1503, 1323 (NOg). ^H-n.m.r. (360 MHz, 
CDClg-TMS): Ô 8.12 (d, 2H, H-8 , 8 ' ,  Jy g=Jy, g, 9.2 Hz), 6.54 (d, 2H,
H -7 ,7 ' ) ,  5.22 (s , IH, H -1), 5.12 (br d, IH, H-5, ^^gexo  
4.78 (dd, IH, H-4, J jax ,4  "z , ^  g 1.9 Hz), 4 .18-4.10 (m, 2H,
H-6 e ^ ,  H-6 endq, J^exo,6 endo ^ z ), 2.95 (dd, IH, H-3ax, J3ax,3eq
16.6 Hz), and 2.54 (d, IH, H-3eq). ^ \ - n .m . r .  (90.6 MHz, CDClg-TMS):
6  197.5 (C -2 ), 150.6 (C-NH), 139.0 (C-NOg), 126.5 (C-8 ) ,  111.9 (C -7 ).
101.6 (C -1 ), 75.9 (C -5 ), 66.3 (C-6 ) ,  53.2 (C -4 ), and 37,3 (C-3).
Anal. Calc, fo r  ^i2*^-i2^2^2' ^ » 4.58; N, 10.60.
Found: C, 54.49; H, 4.76; N, 10.26.
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Reaction of levoglucosenone with pyrrole (22). — Levoglucosenone 
(0.93g, 7.4 mmol), was dissolved in pyrrole (9 mL) and heated under 
re flux  fo r  3 h. T . l . c .  (1:1 hexane-ethyl acetate) a t th is  time indica­
ted a major product a t Rp 0.60, and 2 minor products, Rp 0.53 and 0.43. 
The mixture was eluted through a s i l ic a  column (30 x 250 mm) with 1:1 
hexane-ethyl acetate and a l l  the fractions containing the major products 
were combined and re frigerated . Out of solution, white crystals of 22 
precip itated (05 mg, 5%). 3513 cm"  ̂ (N-H s tre tc h ),  3342, 3289
TTlaX
(0 -H ), and 2963, 2900 (C-H). ^H-n.m.r. (360 MHz, CDCI3 -TMS): Ô 9.59 
(br s, IH . NH), 8.75 (br s, IH, NH), 6.77 (m, 2H, H -7 ,7 ' ,  0 ,
/  ) U /  3 O
2.8 Hz). 6.17 (m, 3H, H-8 , 8 ", 9 or 9 ' ) ,  6.07 (m, IH , H-9 or 9 " ) ,  5.32 
(s , IH, H -1), 4.72 (d IH, H-5, Jg Hz), 4.11 (d, IH, H-6 endo,
J6 endo.6 exo * 9  Hz), 4.01 (dd. IH . H-6 exo), 3.07 (d, IH . H-4, 0^,% ^
7.7 Hz), 2.54 (s , IH, OH). 2.53 (dd, IH, H-3ax, ^̂ ax̂ Seq Hz), 
and 2.05 (d, IH, H-3eq). Mass spectroscopy: m/z 260 (M+), and 242.
Anal. Calc, fo r  Ci^H^gNgOg: C, 64.61; H, 6.20; N, 10.76.
Found: C, 64.77; H, 6.21; N, 10.45.
The photochemical addition of methanol to levoglucosenone (23 ). — 
Levoglucosenone (0.61g, 4.9 mmol) and benzophenone (0.15g, 0.8 mmol) 
were dissolved in methanol (325 mL). The solution was placed in a 
Pyrex photolysis reactor and purged with nitrogen for 1 h. A 450 
w att, medium pressure mercury lamp was then turned on fo r 4.5 h. T . l . c .  
showed one major product at Rp 0.18 which was isolated by column 
chromatography on a s i l ic a  column using 1 : 1  hexane-ethyl acetate to 
y ie ld  a yellow o i l ,  23 (0.15g, 20%). u 3452 cm’  ̂ (0-H s tre tc h ),
2964, 2902 (C-H), and 1732 (C=0). ^H-n.m.r. (90 MHz, CDCI3 -TMS):
Ô 5.06 Cs, IH, H -1), 4.77 (m, IH, H-5), 4.02 (m, 2H, H-6 endo, H-6 exo),
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3.65 (m. 2H, CH^), 3.12 (br s. IH, OH), 2.76 (dd. IH, H-3ax, ^sax.Seq
16.8 Hz, 8 . 8  Hz), 2.29 (m, IH, H -4), and 2.15 (d, IH , H-3eq).
Anal. Cale, fo r  C^H^qO :̂ C, 53.16; H, 6.37. Found: C, 52.82;
H, 6.29.
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